Total annual costs for treatment rates up fo 456 Mgal/d are presented in the following
and are plotted in Figure 7-8.

Operation and maintenance
Amortized Total
Treatment capital cost, costs, $ miilion/yr annual cost,
rate, Mgal/d $ m1lion/yr Storage Treatment $ million/yr
16.29 1.520 0.144 0.028 1.692
33 1.502 0.138 g.042 1.682
65 1.466 0.126 0.068 1.660
130 1.393 0.102 0.120 1.616
163 1.358 0.090 0.147 1.595
195 1.321 0.077 0,173 1.571
228 1.292 0.066 0.200 1.558
281 1.272 0.055 0.226 1.553
293 }.262 0.045 0.252 1.559
326 1.265 0.036 0.279 1.580
358 1.275 0.028 0.305 1.608
391 1.300 0.021 0.332 1.653
424 1.334 0.015 0.358 1.707
456 1.377 0.010 0.384 1.771
1aur
1 80,
TOTAL ANNUAL COSTS THCLUDINO
8 1 70| g GPERATION AKD MAINTEMANCE
T 1 80|
% 1.50 | NINIHUK COST
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] 100 200 300 400 500
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Figure 7-8. Storage/treatment optimzation of
treatment costing $30 000/Mgal-d.

h. Determine the optimum storage/treatment combination. From Figure 7-8, the optimum
solution, using capital costs only, 1s approximately $12.6 mi111on/yr at a treatment
rate of 295 Mgal/d and a storage velume of approximately 4.5 Mgal. With operation
and maintenance taken into consideration, the optimum combination 15 at a treatment
rate of 250 Mgal/d with storage at 6.0 Mgal, with a total annual cost of $1.55 miTlion/yr.

Comient

Storage 1s usually required before treatment of storm and combined sewer overflows to attenuate
peak flows and reduce the size of the treatment facility. There is an optimmm combination of
storage and treatment that produce the least capital cost solution. When operation and
maintenance cost is inciuded, the least cost combination shifts to a more storage-intensive
solution. Furthermore, as the unit cost of treatment increases, the Teast cost solution also
favors more storage and less treatment. An evaluation of the optimum combinations of storage/
treatment at unit treatmont costs of $35 000, $40 000, and $45 000/Mgal-d using both amortized
capttal costs and total annual costs shows that as the unit treatment cost increases, the
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optimum treatment rate moves toward the minimum treatment rate of 16.3 Mgal/d. The addition of
operation and maintenance costs also shifted the optimum rate toward 16.3 Mgal/d as shown below:

Optimum treatment rate, Mgal/d

Unit treatment Using amortized Using total
cost, $/Mgal-d capital costs annual cost

35 000 260 195
40 000 220 16.3
45 000 16.3 16.3

EXAMPLE PROBLEM 7-5: LAND TREATMENT OF STORMWATER

Determine the land requirements for wetlands, rapid infiltration, and overland flow stormwater land
treatment systems, Show the maximum and mnimum land requirements based on annual and weekly
application rates.

Specified Conditions

1. Drainage area = 1000 acres.

2. Runoff coefficient = 0.50

3. Average annual rainfall = 44 1n.

4, Use the desfgn criteria shown in Table 118.

Assumptions

1. The design weekly rainfall equals the total storm rainfall of 1.6 in. as shown in Figure 7-1.

2. The effects of storage or flow attenuation are not considered in determining the land requirements
using the weekly rainfall rate.

Solution

1. Determine the annual and the weekly runoff volume from the 1000 acre area.

(44 n./yr) (0.50) (1000 acres) (43 560 ft2/acre)

a. Annuval runoff = 6 o3 12 in./ft
79.86 x 10° ft</yr

b, Weekly runofr - -6 1n./uk) (0 50) (1000 acres) (43 560 ft3/acre)
: Z in./ft
2.90 x 106 ft3/uk

2. Determine the maximum and minimum Tand requirements for wetlands treatment, using design criteria
from Table 118.

6 .3
a. Maximum land requiremsnt = 79.86 z lg it yr

= 19.97 x 106 ft2
or 458 acres

o (2.9 x 10% £t3/wk) (12 1n./ft)
b. Minimum land requirement 35 ;n./wk

= 1.39 x 106 ft
or 32 acres

¢. Compute the annual application rate at the minimum Yand requirement condition.

_ __79.86 x 106 ft3/yr
Maximum annual application rate §32 acres) (43 560 ft/acre)
= 57 ft/yr
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3. Determine the maximum and minimum land requirements and the maximum annual application rate for a
rapid infiltration system.

6
2, Maximum land requirement = 79.86 x 10

20
= 3.99 x 10° 12
or 92 acres

(2.9 x 10%) (12)

120
2.5 x 10g ft2
6.7 acres

b. Minimum land requirement

ton rate = 19:86 x 10°
¢. Maximum annuat application rate = Te=y~ra3 50
= 273 ft/yr

4. Determine the maximum and minimum land requirements and the maximum annual application
rate for an overland flow system.

6
a. Maxwmm land requirement = L2:88.x 10
= 7.99 x 108 ft2

or 183 acres

&
b. Minimum land requirement = 2.2 x }0 12

6
= 2.18 x 10° ft?
or 50 acres

6 6
. L 79.8" x 10
¢. Maximum annual application rate 50) (43 560
= 37 ft/yr

Coment

The ranges of application rates presented in Table 118 were developed for municipal waste-
water treatment systems and, therefore, should serve as first-cut guides until more detailed
studies using land treatment processes for controlling stormwater are evaluated [78]. These
ranges reflect a wide variation in soil types, permeabhlity, siope, climate, and vegetation
cover. In this €xample, the range of annual application rates was narrowed by considering
land area requirements based on a design weekly rainfall rate. The land requirements for
wetlands range from 3 to 46% of the watershed area. This land, however, would most

probably be existing marsh or unusable land areas receiving stormwater discharges directly,
or at best an existing marsh operated under a controlled mode of application. Land require-
ments for rapid infiltration range from 1 to 9%, and for overland flow from 5 to 18% of the
watershed area. These Tand treatment alternatives would require usable or developable land
and thus may be 1imited by land availability and costs.

As with biological treatment systems, overland flow systems were developed for continuous
wastewater application to maintain a viabTe biological mass supported by the grass structure.
Because of the intermittent nature of rainfall/runoff, this type of system 15 reduced to a
grass filter for stormwater flows because of the length of time required to develop,
stabilize, and sustain a biological mass. Supplemental water may also be required to maintain
grass growth during long dry periods. Difficuities may arise with other land treatment
methods due to the variability and characteristics of stormwater runoff. Pretreatment may

be required for rapid infiltration systems to prevent clogging of the soil by high suspended
s0lids loads.
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SECTION 8
SYSTEM APPLICATIONS

As has been indicated in previous sections, there is no one single method that
is a panacea to all combined sewer overflow or storm drain discharge problems.
The size and complexity of urban runoff management programs are such that
there is a need for an 1ntegrated approach to their solution. The type of
problems associated with any given community is dependent upon a number of
variables; as a result, the solution for a community must be developed to fit
the needs of that particular urban area. The solution is most often a combi-
nation of various best management practices and unit process applications.

Important considerations with respect to development and implementation of an
urban runoff management program are the regulatory constraints and public
attitudes on pollution and environmental objectives that must be met. Often
the constraints and attitudes are subject to change with time. This can
result in alteration of the ground rules for engineering assumptions so that
programs lacking flexibility may be, or 1n some cases, have been grossly
outdated before implementation can be effected. Thus, the political,
economi¢, and environmental constraints affecting an urban runoff management
program must be monitored continuously so that the programs can be updated or
modified as necessary.

CASE STUDY DESCRIPTIONS

The presentation of each stormwater management system application is organized
into s1x parts: (1) problem identification, (2) counter-measure philosophy,
{3) design description, (4) cost data, {5) performance and maintenance, and
{6) ongoing projects. A variety of system applications are described ranging
from major urban metropolitan areas to small suburban communities.

Boston, Massachusetts

Combined sewer overfiows have contributed to the deterioration of industrial,
commercial, and recreational resources of Boston Harbor and the rivers
tributary to it [1]. Primary treatinent is provided to the intercepted flows
at two wastewater treatment plants. However, numerous locations still exist
in the Boston Harbor area where, during rainstorms, combined sewage overflows
into the receiving waters untreated. These result in bacterial pollution,
floating solids, slicks, and sludge deposits.

A wet-weather flow master plan, based Targely on preliminary Chicago deep
tunnel studies (discussed later in this section), was presented to the City of
Boston in 1967 {2]. Four alternatives were studied: (1) complete separation,
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(2) chlorination detention tanks, {3) surface holding tanks, and (4) deep
tunnels. The deep tunnel alternative was presented because it appeared to
offer the best and only feasible method for the complete elimination of
overflows. However, following continued review and study of the problems, a
demonstration surface detention and chlorination facility was placed into
operation in May 1971 at Cambridge, Massachusetts (the Cottage Farm Combined
Sewer Detention and Chlorination Station) indicating a viable alternative to
the deep tunnel plan.

In 1975, the combined sewer overflow problem was reviewed again in conjunction
with the needs for the Boston Harbor-Eastern Massachusetts Metropolitan Area
[1]. The major alternatives were (1} sewer separation, (2) overflow
diversions via Boston's proposed deep tunnel plan, and (3) intermediate
approaches of a decentralized nature. The recommended course of action was to
upgrade the two existing treatment plants to secondary treatment and to begin
facilities planning for projects identified in the decentralized plan for
combined sewer overflow regulation. The decentralized plan would continue
present remedial practices and allow piecemeal implementation with immediate
opportunitites for solving high priority problem areas. The present plan
calls for consolidation of the combined sewer outfalls into several groups,
each of which would be connected by conduits to transport overflows to
regulation facilities for treatment and discharge.

Treatment would consist of several detention facilities located throughout the
area where the flow would be stored or, depending on the magnitude of the
storm event, detained prior to discharging the overfiow. The flow would be
disinfected by introducing chlorine upstream from the tanks. The tanks would
be designed to provide 15 minutes detention for the peak design flow. The
tanks would include fioating scum baffles and screens installed between the
scum baffle and the overflow weir to polish the overflow before discharge.

The stored flow would be returned to the interceptor to receive secondary
treatment at one of the two treatment plants.

According to the Report:

...the largest benefits in pollution reduction in decentralized systems
will probably come from first flush capture and diversion to the dry
weather flow treatment plant and through sedimentation, skimming and
disinfection as a result of detaining overflows, while other treatment
processes will be employed where such prove to be necessary for further
polishing. [1]

The total cost for the various alternatives ranges from $254 to $279 million
{ENR 2000) excluding projects currently underway (separation in portions of
Cambridge and Somerville and construction of the MDC Charles River
Chlorination-Detention-Pumping Station Project).

Chicago, I11inois

In 1967, the Metropolitan Sanitary District of Greater Chicago initiated its
wastewater facilities planning study with a 10 year cleanup and flood control
program. A major study to develop a comprehensive program for the 972 km2
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(375 mi2) combined sewer area was completed in 1972. The program, presently
being 1mplemented, is the Tunnel and Reservoir Plan (TARP). The objectives of
the program are:

...to minimize the area's pollutant discharges and the flooding caused by
overflows of mixed sewage and wastewater....elimination of the need to
release polluted river and canal flood waters into Lake Michigan. [3]

This final TARP is a combination of several alternative plans designed to
collect urban runoff during all wet-weather conditions except those storms of
a magnitude equal to the three most severe storms recorded to date by the
National Weather Service.

Four tunnel systems comprise the TARP, Each tunnel system consists of three
components: reservoirs, conveyance tunnels, and sewage treatment plants. A
total of three reservoirs, 201 km (125 miles) of conveyance tunnels, and four
treatment plants are included in the plan. The combined storage capacity of
the plan is approximately 167 750 000 m3 {44 310 Mgal) of which 11 350 000 m3
(3 000 Mgal) 1is tunnel capacity. The total storage capacity is equivalent to
17.3 cm (6.8 1n.) of runoff from the combined sewer area, with 1.2 cm

(0.46 in.) of runoff capacity in the tunneis alone. The tunnels, located 46
to 88 m {150 to 290 ft) below ground level, range in size from 5 to 10.7 m
{17 to 35 ft) in diameter. The total planned treatment capacity will be
approximately 96.4 m3/s (2200 Mgal/d) of which 91.2 m3/s (2150 Mgal/d)_is
existing. The stormwater treatment rate would be approximately 31.8 m°/s
(725 Mgal/d) or about 0.5 times average dry-weather flow. More than 640
existing overflow points will be eliminated by the TARP systems. The sub-
systems common to all TARP tunnel systems include drop shafts, collecting
structures, and pumping stations. Pumping stations will be constructed
underground at the end of all conveyance tunnel routes and adjacent to all
storage reservoirs. These stations will be sized to allow a full tunnel to
be emptied within 2 to 3 days.

In addition, instream aeration at more than ten locations atong the Chicago
River and Calumet Sag Channel are planned to allow the [11inois standards for
dissolved oxygen concentrations to be met.

The Phase 1 system (tunnels and pumping stations without reservoirs) 15 under
construction currently. The TARP costs are estimated at $2 553 200 00O (ENR
2000). The breakdown is as follows:

Conveyance tunnels $ 869 800 000
Instream aeration 14 000 00O
Treatment plant upgrading 986 900 00U
Reservoirs and flood control 682 500 QU0

$2 553 200 000

Additional costs such as sewers, solids disposal, 0'Hare Treatment Plant, and
non-TARP flood control will raise the total cost to $2 979 400 000. To date,
approximately $45 000 000 of tunnel construction has been completed and
another $100 000 000 js under construction.
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It is projected that the Phase I tunnel system, with overflows at the existing
outfalls until the reservoirs are completed, will reduce the number of
overfiows to the river system to about ten per year. This will result in a
75% reduction in the volume of combined sewage overflowing to the river and a
90% reduction in the combined sewer overflow BOD5 mass load to the river.

Detroit, Michigan

Detroit is served by a combined sewer system and a primary treatment plant.
In May 1966, an agreement between the Detroit Metro Water Department (DMWD)
and the Michigan Water Resources Commission required

..the City of Detroit to take immediate steps to decrease the frequency,
magnitude and poliutional content of all combined sewer overflows from
the City's sewer system to the Detroit and Rouge Rivers. [4]

Detroit considered the following alternatives to meet the agreement:

(1) systems management utilizing sewer monitoring and remote control of
pumping stations and selected regulator gates to affect in-system storage,
(2) complete sewer separation, {3) retention basins to capture storm
wastewater, and (4) the above in various combinations. After a review of the
alternatives, the systems management approach was selected for implementation
in a demonstration project [41].

The system developed includes telemeter-connected rain gages, sewer level
sensors, overflow detectors, a central computer, a central data logger, and a
central operating console for monitoring and controlling pumping stations and
selected regulating gates. This system has enabled DMWD to apply such
pollution control techniques as storm flow anticipation, first flush
interception, selective retention, and selective overflowing.

The in-system storage potential at locations where remote control facilities
were installed was 526 500 m3 (139.1 Mgal). 1In addition, there is
approximately 581 200 m3 (150 Mgal) of uncontrolled storage in the system.

Upon receiving advance information on storms from remote rain gages, the
operator initiates a sewer pumpdown procedure to increase the available in-
system storage capacity. This procedure, along with in-system flow routing,
has enabled DMWD to contain and treat many intense spot storms entirely, in
addition to many scattered citywide rains.

Since the completion of the demonstration project in 1971, DMWD has continued
to expand the monitoring project [4]. The change in the system is indicated
in Table 122, The supervisory control system has been expanded with the
addition of four new control panels in addition to the original three. Remote
control facilities including three wastewater pumping stations, four
interceptor regulators, three fabridams, two in-system storage gates, one flow
routing gate, and one suburban connection have been added. In addition, four
suburban retention basins and 11 suburban pumping stations are now displayed.

The DMWD is utilizing sewer system monitoring data to (1) aid in the operation
of the system, (2) predict and verify system response to storm events,
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(3) establish priorities for overflow abatement projects, and (4} develop
computer control algorithms for the various remote control facilities [4].
Additional in-system and offline storage is being investigated.

TABLE 122. COMPONENTS OF THE MONITORING
AND REMOTE CONTROL SYSTEM [4]

[tem 1971 1975
Rain gages 14 25
Level sensors 118 214
Status sensors 68 110
Pumping stations/pumps  7/3% 10/52
Radar remoting 0 1
Regulators 4 10

Cost data for the additions to the monitoring and remote control system were
not reported. ;

Milwaukee, Wisconsin

The older areas of the City of Milwaukee are served aimost exclusively by
combined sewers, approximately 6240 hectares (15 400 acres}. Along the
Milwaukee River within the City of Milwaukee are 62 combined sewer outfalls.
Most of these outfalls, 52, are concentrated in the last three miles of the
river before it discharges into Lake Michigan. A flushing tunnel which
carries dilution water from Lake Michigan discharges at the head of the reach
where the overflows are concentrated. This tunnel has been used since 1888 to
dilute the river water to reduce odors.

A demonstration project completed in 1974 studied the concept of detention
tanks for attenuating combined sewer overflows. Two of the objectives were

[51:

1. Characterize the performance of a combined sewer overflow detention
tank in reducing the poilutional 1oad to the Milwaukee River caused
by rainfall in the test area.

2. Project the impact of combined sewer overflow detention tanks on the
quality of water in the Milwaukee River,

A 14 760 m3 (3.9 Mgal) detention tank (Humboldt Avenue Combined Sewer Overflow
Detention Tank) serving a 230 ha {570 acre) area was constructed and tested.
During the 12 month test period, the tank reduced the volume, BOD., and
suspended solids loads from this combined sewer overflow location™by 65 to
70%. Studies evaluating detention tank removal efficiencies of BOD. and
suspended solids 1ndicated that removal due to volumetric retention™is much
more significant than removals due to sedimentation [5]. Removals due to
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sedimentation generally increased total removal efficiency by approximately 5%
over removals due to volumetric retention alone.

For purposes of demonstrating the cost impact of the problem, an approximate
cost estimate was developed for construction of 13 detention tanks to receive
flows from all combined sewer overflow points on the Milwaukee River in the
city. These tanks would serve an area of 2350 ha {5800 acre). A1l tanks
would be similar to the Humboldt Avenue facility as far as design criteria are
concerned. The implementation of such a series of tanks would be expected to
reduce the discharge of pollutants from combined sewer overflows by approxi-
mately 80% on an annual basis. The total cost for the facilities would be
approximately $45 050 000. This includes $28 300 000 for the tanks, $8 150 000
for pumping stations, and $8 600 Q00 for sewers. These costs do not include
land, right-of-way, contingencies, or additional treatment facilities.

At the present time, the city is proceeding with the development of a combined
sewer overflow abatement program incorporating both detention facilities and
other treatment methods.

Mount Clemens, Michigan

Combined sewer overflows from the City of Mount Clemens polluting the Clinton
River led to a "stipulation" from the Michigan Water Resources Commission in
1967. With regard to combined sewer overflows, the stipulation called for the
construction of facilities by June 1972. A demonstration treatment facility
was designed to provide treatment to the overflows by means of a series of
aerated lakelets with intermediate microscreening, disinfection, and high-rate
pressure filtration prior to discharge into the Clinton River [6]. The
testing and evaluation of this facility was completed in 1973. One of the
conclusions reached regarding the demonstration project was:

The Mount Clemens treatment concept evaluation indicates that it is a
feasible and reltiable concept....sampling data has demonstrated that the
capability of the treatment concept to acceptably renovate combined sewer
overflows for fishing and boating and for lawn sprinkling. All water
quality parameters, except the toxic and deleterious substances parameter
{not studied), were met. [6]

Annual suspended solids and BODg removal efficiencies of about 95% were
reported for the demonstration collection and treatment facility.

As a result of the demonstration project findings, the city has developed a
citywide project for the abatement of combined sewer overflows. It was
recommended that for a 610 ha (1500 acre} portion of the city a combined
sewage interceptor be installed to collect the overflows and convey them to a
retention basin, the contents of which would be withdrawn at a slow uniform
rate for further treatment. For the remaining 240 ha (600 acre) area sewer
separation by constructing new collecting sanitary and/or storm sewers was
recommended., Construction of the citywide project began in 1974,

The collection and treatment project involves the interception of overflows
(5 year storm) from combined sewers and conveying them to the main pumping
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station at the retention basin site. The flow w11l then pass through
sedimentation-resuspension chambers before discharge to an aerated retention
basin. Any excess w11l overflow into a chlorination basin before discharge to
the Clinton River. Wastewater will be withdrawn from the retention basin at a
constant 0.18 m3/s (4 Mgal/d) rate and conveyed to the existing demonstration
project site for treatment. (Dry-weather flow is now treated elsewhere as
part of the MACOMB County-Detroit Metro Water Department Regional System.)
Treatment will include clarification and disinfection; future chemical
additions for phosphate removal will occur at this location. The water will
then be discharged to three Takelets in series. The initial lakelet wiil be
an aerated "flow-through” treatment unit. Effluent from the final lakelet
will be filtered through high-rate pressure sand filters before discharge to
the Clinton River. The city has designated the treatment-park site for
development as a recreational faci1lity. The final lakelet is expected to be
acceptable for recreational use and potential use for watering park
landscaping.

The total construction cost for the sewer separation and the collection and
treatment facilities was estimated at 315 140 000. The sewer separation
portion was $2 160 000. The total project costs (including engineering,
Yegal, fiscal, administrative, and property and easement acquisition) were
estimated to be 125% of the construction cost. The treatment facilities are
expected to be on-line early in 1977.

Rochester, New York

Within the Rachester Pure Waters District, combined sewer overflows represent
a major pollutional load to the Genesee River, the Rochester Embayment of Lake
Ontario, and Irondequoit Bay. A study completed 1n late 1976 developed a
master plan outlining the actions necessary 1o achieve a cost-effective
solution to the receiving water quality impairment caused by combined sewer
overflows [7, 8, 9].

The study was divided into three parts:

) Monitoring and characterization of combined sewer overfiows and the
collection of field data necessary to characterize the drainage
areas serviced by the sewerage system

) Pilot plant study to evaluate the applicabiiity of alternatives

(] Application of mathematical models to evaluate the effect of
combined sewer overflows on the receiving waters to evaluate the
effectiveness of various abatement alternatives [8]

Three classifications of processes were piloted: (1) solids removal;

(2) chemical precipitation to achieve a greater degree of fine solids removal
along with phosphorus reduction below the 1 mg/L level; and (3) final
polishing and high-rate disinfection to achieve a secondary quality effluent
with respect to BOD5 and bacterial contamination. The processes investigated
were flocculation/sedimentation with and without chemical addition,
microscreening, grit swirl and primary swirl concentrators connected n
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series, dual media filtration, carbon adsorption columns, and high-rate
disinfection with chlorine and/or chlorine dioxide.

The alternatives investigated included nonstructural alternatives (source
control measures and improved sewer system maintenance practices); minimal
structural alternatives (improvement of existing dry- or wet-weather storage
and treatment facilities); and structural intensive abatement alternatives
{new storage and treatment facilities). Mathematical models were applied to
evaluate these alternatives. The runoff plock of the Storm Water Management
Model {SWMM) was used to evaluate the effects of the nonstructural
alternatives. Minimal structural alternatives were evaluated using the SWMM
transport block. To determine the average annual effect of various abatement
measures, the Simplified Stormwater Model was used [8].

The recommended master plan calls for the implementation of interceptor
improvements, regulator modifications, biockage of high impacting overflows,
addition of control structures, impiementation of source control regulations,
implementation of an overall control system, construction of wet-weather
treatment facilities at the existing Van Lare Treatment Facility (dry-weather
flows) site, and inline tunnel storage and conveyance. The cost-effective
optimum structural_intensive solution based on the 2 year design storm
involves a 12.05 m3/s (275 Mgal/d) wet-weather treatment capacity and a
storage capacity of 227 100 m3 (60 Mgal). The recommended wet-weather
treatment facilities are chemically assisted flocculation/sedimentation

(1 mg/L polymer and 40 mg/L alum) followed by high-rate disinfection. The
estimated cpsts associated with implementation of this master plan are

$7 140 000 - 25% for the nonstructural and minimal structural alternatives
and $88 570 000 - 20% for the structural intensive storage and treatment
alternative [7]. These costs do not include drainage reljef facilities that
are part of the costs reported in Section 2.

The effectiveness of the proposed master plan was reported as follows:

«oincorporating the nonstructural and minimal structural recommendations
is projected to reduce the BOD. and TKN {total Kjeldahl nitrogen) annual
wet-weather loading to the Gengsee River from approximately 363 600 kg/yr
(800 000 1bs/yr) and 9 090 kg/yr (20 000 1bs/yr) to 1360 kg/yr (3000
1bs/yr) and 114 kg/yr {250 1bs/yr). This will reduce the average annual
potential of dissolved oxygen contraventions of the Genesee River from
approximately 10 days/yr to 1 day/yr.

...The annual CSO (combined sewer overflow) loading of suspended solids
to the Genesee River as a result of implementing the Master PLan will be
reduced from approximately 1 363 600 kg (3 000 000 pounds) to a value of
less than 4545 kg (10 000 pounds). [7]

Rohnert Park, California

The City of Rohnert Park has separate sanitary and storm sewers. However,
high wet-weather wastewater flows are encountered in the sanitary sewers
during the rainy season (October through April). Approximately 95% of the
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average annual rainfall occurs during this period. Peak wet-weather flows
exceed average dry-weather flows by as much as eight to ten times [10].

A demonstration project, completed in 1973, was undertaken to determine the
effect of a surge facility to provide equalized flows to the dry-weather
treatment plant. A unique methoa for maintaining the flow of solids through
the basin was tested. One of the objectives of the study was to compare the
primary sedimentation tank efficiencies for variable versus uniform flow
conditions [10].

The ability of the equalization basin to produce the design uniform flowrate
was documented., The basin operated less efficiently than a conventional
clarifier for suspended solids and BOD5 removal due primarily to the
variability in the detention time. The BODg removals were quite erratic.

Following completion of the demonstration project Rohnert Park Joined in the
Laguna Regional Wastewater Treatment Facility. Rohnert Park (including the
Town of Cotati and Sonoma State College) is limited to an average drg -weather
flow of 0.10 m3/s (2.3 Mgal/d) and a peak dry-weather flow of 0.18 m3/s

(4.1 Mgal/d) to the regional plant. Peak wet-weather flow at the old,
existing plant site is 0.53 m3/s (12.0 Mgal/d}.

The abandoned Rohnert Park treatment plant has been converted to a surge
facility for wet-weather flows. The surge facility has a surge basin (old
primary sedimentation basin), a storage basin with two days' detention at
maximum daily flow, a control building, and a chlorination facility for
emergency wet-weather overflow. Most of the components were retained from the
abandoned plant. The storage basin is composed of three unlined earthen
basins approximately 1.5 m (5 ft) deep with a combined area of 6.9 ha

(17 acres% Total storage capacity is 83 300 m3 (22 Mgal). Flows in excess
of 0.18 m/s (4 1 Mgal/d) (are diverted to the surge facility for storage
When the flow in the interceptor to the regional plant fails below 0.18 m3/s
(4.7 Mgal/d). flow is released from the surge facility. Construction of the
surge facility was completed in 1976.

Construction cost for the surge facility was $943 000. This was composed of
$390 000 for pumping station rehabilitation, $273 000 for the diversion
structure and chlorination facility, and $280 000 for storage basin earthwork
(including regrading and sludge removal from existing oxidation ponds).

Saginaw, Michigan

The problem at Saginaw was typical of most such systems, namely periodic
overflows from the combined sewer system. The distribution of the total
1ntercepted flow among the 34 reguiators was inequitable with some
contributing a disproportionately large percentage. When flows reached 2.5
times the dry-weather flow, the treatment plant capacity, a valve on the
interceptor was closed manually and the flow from one half of the interceptor
system was pumped untreated to the river. The valve was reopened manually
after the storm when personnel were available. This contributed unnecessarily
to the amount of wastes discharged through overflows [11]. In 1969, it was
recommended that existing intercepting and stormwater pumping facilities be
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utilized to their optimum in conjunction with five new stormwater holding
facilities. The holding facilities were to have a storage capacity of
85 100 m3 (22.4 Mgal).

In 1972, following application of the Storm Water Management Model (SWMM) to
simulate the operation of the sewer system and proposed storage facilities,
the plan was revised [12]. The revised plan called for construction of seven
storage facilities with a total capacity of 68 800 m3 (18.2 Mga]). In
addition, revisions to existing regulators would add 70 400 m3 (18.6 Mgal} of
in-system storage. The size of the required interceptors was also reduced as
a result of the SWMM simulations. The sizing is based on the 1-year storm,
4.8 cm (1.9 in,} of rain.

To date, one of the storage facilities is under construction and one about to
go to bid. In each facility, as flow enters the covered structure, floating
scum and oil baffles rise with the liquid surface to maximize capture of these
materials. Depending on the magnitude of the storm, when the basin is filled,
effluent passes through horizontal screens (1.25 cm (0.49 in.) mesh) to capture
any floatable and suspended material not captured in the settling bays before
overflow to the Saginaw River. Influent to the facility is disinfected with
sodium hypochlorite. Stored flow is dewatered into the interceptor following
the storm.

The capital costs for the entire system (seven storage facilities, regulator
modification, etc.) were estimated at $44 800 000.

The storage facilities are being designed for multiple use. The two
facilities designed to date include a multistory parking garage above the
storage and treatment basin.

The actual construction cost of the Hancock Street facilities was $5 216 000
[13]. Approximately 80% of this cost is attributable to the storage facility.
The remainder is for the parking garage.

The overall performance of the facilities are estimated to be approximately
30% for BOD. and 50% for suspended solids removal for the design storm. On

an annual bgsis, approximately 90% of the BOD. and 92% of the suspended solids
presently discharged to the river would be reﬁoved. The basins will
completely contain approximately 1.3 cm (0.5 in.) of runoff from the tributary
area without overflowing to the river.

San Francisco, California

Overflows occur from San Francisco's combined sewer system when rainfall
exceeds 0.05 cm/h (0.02 in./h). When rainfall exceeds this amount much of the
city's wastewater, sometime as much as 53 Mm3/yr (14 000 Mgal/yr) flows
untreated into bay and ocean waters at many points around the city.

A wastewater master plan for an improved wastewater treatment system was

developed by the Department of Public Works and its consultants between 1969
and 1974, Since 1974, parts of the plan have been changed as a result of
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further design and planning work. As the city proceeds with its 8-year
program, further changes are anticipated.

The master plan contemplates the establishment of two treatment plants: a
dry-weather flow facility in the southeastern area of the city (San Francisco
Bay side) and a combined dry- and wet-weather flow facility in the south-
western area (Pacific Ocean side). Both plants will ultimately discharge fo
the ocean via a common ocean outfall system. Phase I of the plan is shown in
Figure 60 [14].
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Figure 60. San Francisco wastewater
management facilities plan - Phase I.

On the ogean side, the new southwest treatment plant will replace an existing
79 500 m”/s (21 Mgal/d) plant. The new plant will treat flows for the western
half of the city during wet- and dry-weather. A new outfall, presently under
design, will be constructed, which will extend out from the southwest plant
approximately 6.4 km (4 mi) offshore. Flows treated at the new plant will be
discharged to the ocean through this outfall. A large sewage
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transport/storage tunnel and pumping facilities will be constructed along the
west side of the city to the new plant.

On the bay side, the existing 71 900 m3/s {19 Mgal/d) southeast treatment
plant will be expanded to include secondary treatment facilities. The
existing capacity will be expanded to 318 000 m3/s (84 Mgal/d) to treat all
dry-weather flows for the east side of the city. The plant will also handle
sludge for the entjre city. As an interim measure, the existing 260 000 m3/s
(65 Mgal/d) North Point treatment plant {dry-weather flows) will be converted
to treat wet-weather flows for the northeastern section of the city. No wet-
weather treatment facilities are proposed to handle flows from the southeast
section of the city during the initial phase of the program.

The large underground interceptor sewers that make up the North Shore,
Channel, and Islais outfalls consolidations and the West Side transport will
transport dry-weather flows to the treatment plants or pumping stations, and,
during storms, store excess wet-weather flows until they can be treated.

These facilities, with the exception of the Channel outfalls consolidation,
are expected to reduce the number of untreated combined sewer overflows to an
average of one per year. The number of overflows in the Channel outfalls area
is expected to be reduced to approximately four per year [14].

As part of the Tong range plan, a crosstown tunnel and expansion of the
southwest treatment plant are proposed {15]. Untreated wet-weather flows from
the northeast and southeast districts would be transported to the southwest
treatment plant in the crosstown tunnel. This tunnel would be designed for
both transport and storage. Treatment of wet- and dry-weather flows from the
west side and, during periods of storm runoff, excess flows from the east side
would be provided at the expanded southwest treatment plant. Wet-weather
tre$tm?nt capacity at the expanded plant will be approximately 35.0 m3/s (800
Mgal/d).

The total costs for the first and second stage projects are estimated at

$513 300 000 [15]. The estimated cost for the Phase I portion is

$308 100 000. At the present time, four of ten contracts for the North Shore
and Channel outfalls consolidation projects have been awarded. The total bid
costs received for these contracts is $25 700 000 compared to the engineers
estimate of $44 750 000. The estimated cost for this entire consolidation
project is $86 420 000.

A real time automatic control computer program for inline storage and routing
control for the North Shore consolidation project is currently under
development. The objectives of this program, when ultimately applied
citywide, are: (1) minimization of overflows, (2) priority of the location
for discharges when overflows must occur, (3) make maximum use of storage
facilities, and (4) make optimal use of all facilities [16].

At present design studies for the ocean outfall, expansion and treatment
upgrading along with sludge handiing at the southeast ptant, facilities
planning for the new southwest plant, and the West Side transport and pumping
station are underway. A feasibility study of the crosstown tunnel is
expected to start shortly.
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Seattle, Washington

A comprehensive plan for the collection, treatment, and disposal of wastes
from Seattle and other communities within the drainage basin was completed in
19568. Despite improvements brought about by the basinwide construction plan,
Seattle itself was still plagued by overflows from the 60-year old combined
sewer system. A demonstration project was begun in 1967 to achieve "the
ultimate in system storage and control in a combined sewer system through
computerized 'total system management'" [17]. This resulted in the
development known as the "Computer Augmented Treatment and Disposal System,"
or CATAD.

The CATAD system is a computer-directed system for maximum utilization of
available storage in the trunk and i1nterceptor sewers to reduce or completely
eliminate combined sewer overflows. The CATAD system utilizes a computer-
based central facility for automatic control of remote regulator and pumping
stations. The control center includes a computer, its associated peripheral
equipment, an operators console, an interceptor system map display, data
loggers, and event printers,

At the same time that the Municipality of Metropolitan Seattle (METRO} was
developing the CATAD system, the City of Seattle was proceeding with complete
or partial sewer separation projects in several areas of the city. The end
result was that the CATAD system serves approximately 5310 ha {13 120 acres)
of combined sewers. Of the city's total of 21 060 ha {52 000 acres), the
sewer separation area amounted to 7290 ha (18 000 acres).

Remote monitoring and control units were provided to 37 remote pumping and
regulator stations. In addition, six remote rain gages are also monitored.
The CATAD system can be operated in three different modes: (1)} local control,
(2) supervisory control, and (3} automatic control. Under Tocal control each
station is operated independently by controllers within the station in
response to local sensing devices. In the supervisory control mode, stations
are operated remotely from the central terminal by the operator via the CATAD
computer in response to telemetered data. Stations are operated from the
central terminal under program control by the CATAD system computer in the
automatic control mode.

Using supervisory control, the volume of overflows was reduced by 35 to 50%.
Adding automatic control strategies improved these reductions to over 90%
[18]. An optimizing model is being developed that is expected to maintain a
performance of at least 80% annual overflow volume reduction. Conclusions
reached as a result of the demonstration project include:

Loading analysis reveals that 80 to 90% of the peak loading has been
reduced, and the peak lToading has been shifted to a higher rainfall rate
which occurs less frequently. Total loading in pounds has been decreased
an average of 58% for ammonia; up to 76% for COD.

Rainfall intensity has a considerable effect on overflows. Considering
the average rainfall rate of a storm, the total system reduced overflow
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volumes by 73.6% in supervisory control, 97.2% in automatic control, and 85.8%
under combined advanced control modes,

Fach station tended to show a "fingerprint" effect for sequential
overflow data. This fingerprint was generally unique for each station
and usually repeated itself for different storm types. The data
indicated that the first flush of materials is often diverted to the
interceptor in a combined system rather than overflowing to the receiving
water.

Overfiow priorities were based primarily upon volume reduction. Station
by station priority varied considerably depending on which pollution
factor was the basis for establishing priority.

During the course of the study, the Duwamish River receiving water has
improved dissolved oxygen content by 1 to 2 milligrams per liter. [18].

The success of the application of total systems management concepts is aided
by the improved surveillance afforded by the continuous monitoring capability.
But the greatest part of the improved performance is due to the ability (under
either supervisory or automatic control) to locate portions of the sewer
system which can be utilized for storage, thereby allowing overburdened
portions of the system to flow more freely [18].

The modifications to the existing combined sewer system included combined
sewer separation work by the City of Seattle affecting about 25% of the
combined sewers in the CATAD area; modifications to and construction of
regulator and pumping stations by the City of Seattle; modification of
regulator stations required for CATAD by METRO; and acquisition and
interfacing of the telemetry system, controls, and computer for CATAD by
METRO. The total cost for the modifications and acquisitions was

$165 650 000. The cost associated with just the CATAD system (regulator
station modifications, telemetry system, and control and computer equipment)
was $8 390 000. These costs on a unit area basis were $5110/ha and $260/ha
($12 625/acre and $640/acre), respectively.

The Woodtands, Texas

A new town, The Woodlands, is under development 56 km {35 mi) north of
Houston, Texas. The town will contain all services of a modern city,
including facilities for social, recreational, education, commercial,
institutional, business, and industrial pursuits. When development began in
1972, the 7200 ha (17 780 acres) was just heavy forest. Development will span
20 years and lead to homes for approximately 150 000 people.

The basic drainage system planned for The Woodlands was designed on the basis
of what was termed the "natural drainage” concept. This concept consists of
the following principles:

{a) the existing drainage system in its unimproved state is utilized to

the fullest extent possible; (b} where drainage channels need to be
constructed, wide, shallow swales 1ined with existing vegetation are used
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instead of cutting narrow, deep ditches; (c) drainage pipes and other
flood control structures are used only where the natural system is
inadequate to handle increased urban runoff, such as in high-density
urban activity centers; and (d) flow retarding devices such as retention
ponds and recharge berms are used where practical to minimize increases
in runoff volume and peak flow rates due to development. [19]

It was originally estimated that utilizing the "natural drainage" concept
would keep the drainage system costs down to about 50% of that for
conventional systems. As part of the initial planning, the impact of the
planned urbanization in The Woodlands community was evaluated using the Storm
Water Management Model {SWMM). The results were used to develop a program to
minimize impact of further development.

To minimize the amount and rate of increased runoff due to urbanization,
existing drainage courses are grass covered to slow and reduce runoff through
infiltration. Storage reservoirs are used to promote recharge of groundwater
and attenuate runoff. Examples of the use of natural drainage features and
storage reservoirs are shown in Figure 6]. Erosion control measures in
construction areas minimize solids loadings in runoff from these areas. The
type and amount of fertilizers, pesticides, and herbicides are controiled to
minimize pollution of runoff [20].

The Woodlands terrain in many places is quite flat. In a recent review it was
reported that in such spots, natural drainage has been found to cause flooding
of homesites [21]. Also, Houston area officials dislike the natural drainage
jdea--drainage swales and ditches accumulate debris and silt, and bushes grow
there. Removing the debris and bushes is a maintenance cost. These officials
feel sewers are less of a problem. The geoal is still to use natural drainage
wherever practical, but to balance ecology with practical economics since no
one wants to live on flooded land.

Part of the original intent was to provide multifamily and cluster housing to
keep the developed land to a minimum, thus minimizing the increased runoff
from urbanization. However, many Houstonians who can afford new housing want
single-family housing [21]. This may result in a smaller percentage of The
Woodlands land Teft in open space than was originally planned. This would
most 1ikely increase the amount and rate of runoff,

SUMMARY

From the case studies presented and summarized in Table 123, it is apparent
that all use an integrated approach toward solving the stormwater pollution
problems. The programs developed by communities with combined sewers
generally rely on structural methods to solve the overflow problems. For
communities with separate sewers, the stormwater abatement programs
incorporate both best management practices and structural solutions. This
difference in apprcaches is probably best explained by comparing the types
of communities with combined or separate sewers.

Most of the combined sewers are found in the older, highly urbanized cities.
As a result, the more easily implementable and least costly best management
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(c)

Figure 61. Natural drainage and storage reservoir, The Woodlands, Texas.
(a) and (b) Natural drainage swales. %c) Stormwater storage basin used
as a recreational reservoir in planned development.

282




LTS LYY
ussdoaasp Y$juesng “eaue
Uiy puw “Aeg ‘ajely s [T REETYE
aun(oa 1165113 *SIINIS ayeT pur  u} Buppoo]4  sIpdey) pue
pue ajed *uD3bujyseM feg Jdeaty Aaglfues ORI A9A LY *d9ALY  Sdaa 4 abnoy JIAjY Aeg sy3as
Jaaung uy ] oIspouRdy Moupfies  paredll T pUT 22ALY UL FNPML Y pUe 3104160 ahRINY]  -nyRRsSRY
wusyd pLosy ©3 50§D uwg O} 305D ©} 5050 ~u}p AL paray 2553u%) 03 453 03 5052 0} 5052 91 50S5) 0] 30%) a3 50S2 ueiqoud
[paa0ys)
£d¢puodag Lrowpad Mol
Aivmilad  (moL34340) pRIS)SSE UsLINALLL) paa0ls Joj Juawizau)
sees Kappuolag pasueApy Kawapag Aavpunasg ALLe2jway) + Aavpuoiag AJepuoaasg Alepugaas Lagptodas Aiva)dg aLqe| feay
(4m0
L3pn Uy
440 Jo
Sdpy
sP ajed
Qc [t} 2L 5L € YR S°1 Juamieal)
P/ 1#EH
[EEFLL {4:oa ‘yed
P e aw03$) pog QZc onujxem g | [497vmi0ls) L2 0¥ TRt -oNs) 004y FuaneIal
Jjound
40 'u|
ina 08'9 ‘tunioa
s s0°0 Y0 50 00 8l'0 610 92'0 L0’ SLRmuN 9p°Q 60 0-50°0 abrios
B'9L 68l £62 02E bF
[e10] FEICE LAl 1vi0) lein} L e
2781 ZtL ulsPg L 6EL 000t *aun oA
et 8Ll 9222 syuel 22 uapuayay oy PI[eIUD) s{euunt E'6E-9 12 abe1ols
ST ‘R
PR4INIS
0BL Lt ozL L1 oo b2 002 01 008 2l 00 21 Dotz 0085 000 889 000 0F2 000 Il 19103
Meawdasg pauQeo) pau|quo) paulfuo) s1eredag pIU§QLON pau)quo) pau o) pau|quol paui guo) pauy oy pue sd|
Wwioys
PP .- a5 yz'a2 Jk g .. e U9 al | ubysaa
uj
* {das-Awy)
{lryuyrd
802 2L 0l Z2°rl 59 1 el 6°21 9'rl Sl (84} 6 91 Jammans bay
uj
“‘1irjugra
£ sy 6°8¢ 8 02 ¥ 82 t°62 §°le iz i 6'0¢ P % B 2r LwULL Lay
palo| ceod
nere {1} rial L6l €61 a6l €i6l ri6l ¥ibl 2161 §I61  Apmis Jeay
Spus{poOd Jliieag 035 ued 4 Mrujbes 149y 215230y suamIL] ‘3N AN NWA] |y 310433 abeyy) uoysoq wua |
LI R ueg 1430y
SIILID SNOI¥YA NI S3IANLS 3SY) 40 NOSIWYdWOD “g€2l J1avi

283



S/ed = BEYD O ¥ P/1#EN
¢ = §BuL ¥ LvEy

e p5T2 X U

¥y« 50¥°0 X BOE

‘0002 « YIUT 150) LOLIMNUILLOT WNI UO pISEy 8

0lZL
§29 2{ L2301
LmoL o528 009 21
e300
b9 JUATIRIL], {ejel Y
m]SAS 009 00vY 0oy 91 ‘3509
11IY ) SIE 12 00¥¥ [ 74 o086 uofivardas LLL ot Sl3uun), o3 006 1 ndn
9-591 2 Gl Lol
1moL o & EL £s52
- uen el teaol WSO X §
w2)54s 2'2 0708 “3100
T 4 LA "ELS B by £¥6°0 L'56 uoyiRsedas a5k s{ouun] 6L2-¥5¢ 13 )de)
uagzetoadsd SHURY MAOQY “upIeaILLS *a8Aty ofied )
pue sjuamaaed alivael ~d1s pue up uopiesar woldimainy
snoJad asq oS bulyaed |2wojbed o3 ‘uoLjI2julsEp weauls 0} JIjemsg
*uQLyINLISUDD ‘tiaysds pials jo “SURaIds M) spuod M H TR Y 1EE T “s9)ed pue =ul 5418 ‘se|quyrol)
JaMas W05 Aoieinbaa juanjeas]  Juan|yyd abeaoys -4pas ‘abe $UG| 1015 mcnnwxu jo bujm
AZTJUUIN  JO |OJIuaD ruaysds pue ug}l o} spucd TUDLIABIURSER  ~30]% SIPNEY A03danuajuy 6u| dund ape4bdn -a|ys puy
“spuod uoil ag1nd Jojeinfial  -233uysyp wapIepixe @3pa-yby pue -b) JuBajeRd] 03 JIIPHH] 3O o4z rafielols [ITUTENETY
-veag e W3 puR  JO |043U02 I |M SaUR) Bupisiua “UDLILPPRE LEIIMBYI  TSRAIR (9L “SUCHIRIO| £ U 0wy J}0ALBEDY U013
-1015 3283405 *3hra0l% 431ndwo)  uo1uI)AP 48AUD) YIPR WO LIRIUSN J0J JUBSITIAL IR UD}ID3yul HuiMo|ja9a0 *udodsuesy  ~ulop uiw
- sAvmabuuyeap Buy|-u} ~afiednys febeaogs upjIe}pL  -ipas/unlIeLnNOIOLL "SI0 (05 -5{p H3gm API0LIS  pup Hraoms 51 Jo m
|ednjeu  uojieaedes ul|l-4j0 pue BbRIOIS -jqrUaM O3  *lauuny JJodsued) 40} UO}TRA Uotiudgap I 404 S| ~pUlD ¥ iim
8211130 ivjlieq4 pue atf[-t[ eujp-u] -msbugdmny  u) B6RI0IS BUjIU]  -RdIS uomag [96vamnsg ILs-u] =uny dang uolIRULLOTD wolInL0S
1pUR POy 33028 025 2uRd S Hruybug 3ed 135IYI0YE  SUMIL) M |annes| Iy oayag obeayyn uo3s0g u3y]
| ueg JA0yoy

(papniou0g) £2L 179Vl

284



practices such as onsite retention, erosion control, use of pervious areas for
percolation, and use of natural drainage features to attenuate runoff are
difficult, if not impossible, to apply. Thus, reliance on structural methods
such as storage and treatment is necessary. Separate sewers may be found in
the newer portions of some old cities and in suburban communities. In these
areas, best management practices are usually more easily implemented.
Incorporating best management practices into the stormwater abatement program
generally reduces the need for structural solutions.

It is noteworthy that all of the programs incorporate storage in one form or
another. This allows a greater stormwater volume to be treated than just
relying on the interceptor capacity to convey stormwater to a treatment plant.
In most cases, inline storage is included; even where offline storage is used.
This allows the stormwater to be treated using the excess capacity at
existing treatment plants or allows the use of smaller new treatment plants.

The unit capital costs for the programs range from $1780/ha to $8660/ha
($4400/acre to $21 375/acre} for communities with combined sewers., There are
insufficient data to determine a similar range of costs for communities with
separate sewers. Direct comparison of the unit costs for the sewer separation
and collection/treatment options for Mount Ciemens should not be made since
separation is being done in an area that is primarily industrial and open
space. The costs for collection and treatment of the combined sewer overflows
(in areas where this option was selected) were approximately 30 to 60% of the
cost for sewer separation in the same areas.
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